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ABSTRACT 
Background: Helicobacter pylori (H. pylori) infection is a risk factor for peptic ulcer. There have been no studies addressing 
environmental and dietary risk factors in western India. We conducted a case control study enrolling peptic ulcer patients in 
Pune, India. Materials and Methods: Risk factors for peptic ulcer and H. pylori infection were assessed in a participant interview. 
H. pylori status was assessed from stool by monoclonal antigen detection. Results: We enrolled 190 peptic ulcer, 35 stomach 
cancer patients, and 125 controls. Fifty-one percent (180/350) of the participants were infected with H. pylori. Lower socioeconomic 
status (SES) [odds ratio (OR): 1.10, 95% confidence interval (CI): 1.02-1.39], meat consumption (OR: 2.35, 95% CI: 1.30-4.23), 
smoking (OR: 2.23, 95% CI: 1.24-4.02), eating restaurant food (OR: 3.77, 95% CI: 1.39-10.23), and drinking nonfiltered or 
nonboiled water (OR: 1.05, 95% CI: 1.01-1.23) were risk factors for H. pylori infection. H. pylori infection (OR: 1.70, 95% CI: 
I. 03-2.89), meat (OR: 1.10, 95% CI: 1.02-1.75), fish (OR: 1.05, 95% CI: 1.02-1.89) consumption, and a family history of ulcer 
(OR: 1.20, 95% CI: 1.08-1.60) were risk factors for peptic ulcer. Consumption of chili peppers (OR: 0.20, 95% CI: 0.10-0.37) and 
parasite infestation (OR: 0.44, 95% CI: 0.24-0.80) were protective against H. pylori infection. Conclusion: H. pylori infection is 
associated with peptic ulcer. Lower SES, consumption of restaurant food, meat, nonfiltered water, and smoking are risk factors 
for H. pylori. Consumption of meat, fish, and a family history of peptic ulcer are risk factors for peptic ulcer. Consumption of chili 
peppers and concurrent parasite infestation appear to be protective against H. pylori. 
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INTRODUCTION 
Helicobacter pylori (H. pylori) infect more than 50% of the world's population.111 There is significant variation in the 
prevalence of H.pylori across the world. [1 ] Previous studies 
from India have reported a high, up to 80%, prevalence of 
H. pylori.12 H. pylori are known to be associated with peptic 
ulcer and gastric cancer.'3 Peptic ulcer is frequent in India 
but there is a paucity of data on its prevalence.'4,51 Prevalence 
of peptic ulcer is noted to be, on an average, around 8.0 per 
100,000 in India.[5] The age-adjusted incidence rate of gastric 
cancer in urban registries in India is 3.0 per 100,000 which is 
lower compared to the average of 14 per 100,000 worldwide.161 
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The association between H. pylori and peptic ulcer is 
being investigated widely. Researchers have reported 
the role of H. pylori infection in the pathogenesis of 
peptic ulcer and stomach cancer in India, and some have 
reported no association between stomach cancer and 
H.pylori infection.17121 These studies are criticized to have 
methodological pitfalls such as small sample size and 
inadequate description of sample size calculations, and 
case definitions.'13,141 Several factors have been associated 
with the aggressiveness of H. pylori and hence implicated 
in epithelial damage, including the virulent East Asian 
CagA genotype, and environmental and dietary factors.'31 
Recently, some researchers have also proposed that certain 
dietary elements such as chili peppers and garlic'15] play 
a protective role against H. pylori infection. Fox and 
colleagues have shown the protective role of infection 
of helminths and parasites against H. pylori infection.'16,171 
However, the risk factors for H. pylori infection, especially 
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the Indian context of environmental and dietary factors, 
are not comprehensively investigated. Specifically, we are 
not aware of any studies conducted in western India to 
assess the relationship between peptic ulcer and H. pylori 
and their risk factors. 
Here we report findings from a case control study 
conducted in Pune, Maharashtra, India. The objectives 
of this study were a) to determine risk factors for peptic 
ulcer, stomach cancer, and H.pylori infection in Pune, India 
and b) to explore the association between peptic ulcer and 
H.pylori infection. 
MATERIALS AND METHODS 
Study design 
Case control study: Our case control study had three 
groups: (1) patients diagnosed with peptic ulcer, (2) patients 
diagnosed with stomach cancer, and (3) controls. 
Study location 
The study was conducted at Deenanath Mangeshkar 
Hospital and Research Center (DMH) and private 
clinics affiliated with D M H in Pune, Maharashtra 
State, India during January 2008 and November 2010. 
The study was approved by the University of South 
Florida intuitional review board and research ethics 
committee at D M H . 
Selection of cases 
The peptic ulcer and stomach cancer cases were identified 
via the D M H database using the ICD10 coding. Any 
patient more than 18 years of age and listed in the D M H 
database as having a diagnosis of either peptic ulcer or 
stomach cancer was eligible for enrollment in the peptic 
ulcer or stomach cancer arm of the study, respectively. 
The participants who were enrolled in the peptic ulcer 
and stomach cancer group from the satellite clinics were 
diagnosed by their respective attending physicians. We used 
SAS software random number generation code to generate 
a list of potential eligible patients. 
Selection of controls 
The controls were identified via the D M H database using 
the ICD10 coding. Any patient more than 18 years of age 
and listed in the D M H database as having a diagnosis of 
other than peptic ulcer or stomach cancer was eligible for 
enrollment in the control arm of the study. 
The trained study personnel contacted patients at D M H 
and private clinics, requesting them to participate in the 
study. The study was explained in detail by the study 
personnel to each potential participant in their native 
Marathi language. 
Design of data collection instrument 
We utilized the revised version of the semistructured 
questionnaire used by Sasaki et al. for data collection.1181 
The questionnaire was pilot tested at the D M H on a 
small focus group of physicians (n = 3) and their patients 
(n = 12). Based on their feedback, the questionnaire was 
revised. We translated the questionnaire into the native 
Marathi language and translated it back into English to 
ensure consistency in terms of validity of content and 
criteria. 
Data collection 
Data regarding the risk factors for peptic ulcer and 
H. pylori infection was collected using a semistructured 
questionnaire by two trained physicians in a one-on-
one participant interview. The physicians were bilingual 
(English-Marathi) natives. The principle investigator (RM) 
checked all the data for accuracy. 
H. pylori antigen detection 
We collected a single stool sample from each participant 
for the detection of H. pylori. H. pylori antigen was 
detected using ImmunoCard STAT HpSA antigen 
detection k i t . [ 1 9 , 2 0 ] Briefly, a small portion (5-6 mm 
diameter) of stool specimen was transferred into the 
sample diluent vial using the applicator stick, vortexed 
for 15 seconds, and then four drops were dispensed 
into the round window at the lower end of the device. 
The results were read five minutes later. The tests 
were performed by trained pathology laboratory 
technicians. 
Sample size calculation 
We based our sample size calculations assuming the 
following parameters: Alpha error = 0.5, power = 90%, 
expected effect size: Odds ratio (OR) = 2.1, proportion 
of controls with the exposure (H. pylori) = 0.40, and 
proportion of cases with the exposure = 0.50. 
Statistical analyses 
The association between each potential risk factor 
and the outcome (H. pylori and peptic ulcer status) 
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Figure 1: Flow chart showing recruitment of study participants 
Table 1: Demographic characteristics of study 
participants (n=350) 
Participant 
characteristics 
n (%) Control 
n (%) 
Peptic 
ulcer n (%) 
Stomach 
cancer n (%) 
Disease status 
Controls 125 (36) 
Peptic ulcer 190 (54) 
Stomach 35 (10) 
cancer 
Median age 56 years 
(range) (18-83 years) 
Gender 
Female 187 (53) 62 (33) 104 (56) 21 (11) 
Male 1 6 3 ( 4 7 ) 63 (38) 86 (53) 14 (9) 
Education 
Primary school 139 (40) 45 (32) 85 (61) 9 (7) 
High school 111 (32) 40 (36) 58 (52) 13 (12) 
University 100 (29) 40 (40) 4 7 ( 4 7 ) 13 (13) 
was measured using logistic regression with backward 
stepwise elimination (P < 05 to retain). Statistical 
analyses were conducted using SAS software version 
9.1.3.[21] 
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RESULTS 
We contacted a total of 451 potential participants. We 
enrolled 190 patients diagnosed with peptic ulcer and 125 
controls in our study [Figure 1]. We could enroll only 35 
gastric cancer patients in this study. The probability of 
H. py/ori thriving in the stomach lining with the metaplasia 
is known to be low, [21] and the inadequate sample size may 
lead to bias. Hence, we eliminated these 35 patients from 
our analysis investigating the association between disease 
status of the participants and various risk factors. 
The median age of the enrolled participants was 56 years 
(range: 18-83 years). Fifty-three percent (187/350) of the 
participants were females and 47% (163/350) were males. 
Forty percent (139/350) of the participants had primary 
education, whereas 32% (111/350) had completed high 
school. Twenty-nine percent (100/350) of the participants 
had university-level education [Table 1]. Fifty-one percent 
(180/350) of the participants enrolled in the study were 
diagnosed with H. pylori infection. 
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Assessment of risk factors for H. pylori infection 
In the univariate analysis, demographic characteristics such 
as gender (P value = 0.74), education (P value = 0.12), 
and age were not associated with H.pylori status. Current 
tobacco use of the participants was associated with 
H.pylori (P value = 0.01). Consumption of snacks by the 
participants while drinking alcohol was not associated 
with H. pylori status (P value = 0.10). Consumption of 
chili peppers (P value 0.01) and meat (consumption of 
mostly chicken and goat meat) (P value = 0.0003) had 
a statistically significant association with H. pylori status. 
However, fish consumption (P value = 0.31) was not 
associated with H. pylori status. Consuming the food 
items while they were hot (in terms of food temperature) 
(P value = 0.07) was not associated with H. pylori status. 
Frequency of food consumption from outside was 
associated with H.pylori status (P value < 0.01). Chronic 
gastric status (P value <0.01) of the participants and its 
frequency (P value = 0.02) were associated with their 
H. pylori status. Similarly, family history of peptic ulcer 
was associated with H. pylori status (P value = 0.008). 
Moreover, parasite (P value = 0.001) and protozoa 
infestations (P value = 0.02) were associated with H. pylori 
status. However, helminth infection was not associated 
with H. pylori status (P value = 0.55). Antiparasitic drug 
use was associated with H. pylori status (P value = 0.04). 
Prior treatment of H. pylori was not associated with current 
H. pylori status (P value = 0.80) [Table 2]. 
The key results of multivariate logistic regression analysis 
for the association between characteristics of participants 
and H. pylori status are shown in Table 2. Individuals with 
low socioeconomic status (SES) (not owning a car was used 
as a parameter for low SES) were more likely to be infected 
with H. pylori status compared with individuals with car 
ownership (OR: 1.10 95% CI: 1.02-1.39). Participants with 
chronic gastric ailments were more likely to suffer from 
H.pylori infection compared with individuals with no gastric 
ailments (OR: 3.73 95% CI: 1.69-8.26). Participants who 
reported tobacco use were more likely to be infected with 
H. pylori infection compared with participants who were 
not using tobacco (OR: 2.23 95% CI: 1.24-4.02). Meat 
consumption was a high risk factor for H. pylori infection 
(OR: 2.35 95% CI: 1.30-4.23). Consumption of chili 
peppers was a protective factor against H. pylori infection 
(OR: 0.20 95% CI: 0.10-0.37). Participants who did not 
drink filtered or boiled water were more likely to suffer 
from H. pylori infection compared with individuals who 
drank filtered or boiled water (OR: 1.05 95% CI: 1.01-1.23). 
Consumption of restaurant food was also a risk factor for 
H. pylori infection [Table 2]. 
Table 2: Risk factors for H. pylori infection 
Participant characteristics H. pylori (n=35o) Univariate analysis P value Multivariate analysis 
Present n (%) Absent n (%) Adjusted odds ratio 95% confidence intervals P value 
Car ownership 
Yes 99 (45) 118 (55) 0.007 1 0.05 
No 81 (61) 52 (39) 1.1 1.02-1.39 
Consumption of filtered or 
boiled drinking water 
Yes 104 (45) 125 (55) 0.002 1 0.05 
No 76 (63) 45 (37) 1.05 1.01-1.23 
Smoking 
Yes 110 (57) 82 (43) 0.01 2.23 1.24-4.02 <0.01 
No 70 (44) 88 (56) 1 
Consumption of chili pepper 
Yes 87 (42) 122 (58) <0.01 0.2 0.10-0.37 <0.01 
No 93 (66) 48 (34) 1 
Consumption of meat 
Yes 87 (61) 55 (39) 0.003 2.35 1.30-4.23 <0.01 
No 93 (45) 115 (55) 1 
Frequency of consumption of 
outside food 
Almost never 99 (42) 137 (58) <0.01 1 0.01 
1/week 18 (56) 14 (44) 1.61 0.65-3.98 
2/week 32 (76) 10 (24) 2.69 1.18-7.42 
3/week 31 (77) 9 (23) 3.77 1.39-10.23 
Parasite infestation 
Yes 69 (42) 94 (58) 0.002 0.44 0.24-0.80 <0.01 
No 111(59) 76 (41) 1 
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Table 3: Risk factors for peptic ulcer 
Participant characteristics Disease status (п=315) Univariate 
analysis P value 
Multivariate analysis 
Control n (%) Peptic ulcer n (%) Adjusted odds ratio 95% confidence intervals P value 
H. pylori status 
Positive 57(33) 115 (67) 0.01 1.7 1.03-2.89 0.04 
Negative 68 (47) 75 (52) 1 
Snacks with alcohol 
Yes 44 (39) 68 (61) <0.01 0.32 0.13-0.78 <0.01 
No 9 (17) 45 (83) 1 
Not applicable 72 (48) 77 (52) 
Consumption of meat 
Yes 45 (39) 94 (61) 0.02 1.1 1.02-1.75 0.05 
No 80 (42) 96 (58) 1 
Consumption of fish 
Yes 11 (12) 78 (88) 0.01 1.05 1.02-1.89 0.05 
No 114 (51) 112 (49) 1 
Family history of ulcer 
Yes 31 (31) 68 (69) 0.04 1.2 1.08-1.60 0.04 
No 94 (44) 122 (56) 1 
Use of H. pylori treatment kit 
Yes 42 (49) 43 (51) 0.03 0.51 0.30-0.86 0.01 
No 83 (36) 147(64) 1 
Assessment of risk factors for peptic ulcer 
In the univariate analysis, demographic characteristics such 
as gender (P value = 0.42), education (P value = 0.23), and 
age were not associated with disease status (having peptic 
ulcer vs. not having any gastric ailment). Sixty percent 
(115/190) of the patients suffering from peptic ulcer were 
diagnosed with H. pylori infection compared with 45% 
(57/125) of the participants enrolled in the control group. 
Disease status of the study participants was associated with 
H. pylori status (P value = 0.01). 
Current tobacco use of the study participants was 
not associated with disease status (P value = 0.16). 
Consumption of snacks by the participants while 
drinking alcohol was associated with disease status 
(P value < 0.01). Consumption of chili peppers 
(P value = 0.06) did not have a statistically significant 
association with disease status. However, consuming 
the food items while they were hot (in terms of food 
temperature) (P value = 0.04), and consumption of 
meat (P value = 0.02) and fish (P value = 0.01) were 
associated with disease status. Frequency of the 
consumption of food from outside was not associated 
with disease status (P value = 0.30). Family history of 
peptic ulcer of the participants was associated with 
disease status (P value = 0.04). Parasite (P value = 0.56), 
protozoa (P value = 0.20), and helminth (P value = 0.25) 
infestations were not associated with disease status. Prior 
treatment of H. pylori was associated with current disease 
status (P value = 0.03) [Table 3]. 
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The key results of multivariate logistic regression analysis 
for the association between characteristics of participants 
and disease status are shown in Table 3. Participants 
with peptic ulcer were more likely to be diagnosed with 
H. pylori infection than controls (OR: 1.70 95% CI: 
I. 03—2.89). Participants with peptic ulcer were more likely 
consuming meat (OR: 1.10 95% CI: 1.02—1.75) and fish 
(OR: 1.05 95% CI: 1.02—1.89) compared with controls. 
Participants with a positive family history of ulcer were 
more likely to suffer from peptic ulcer compared with 
participants with no family history of peptic ulcer (OR: 
1.20 95% CI: 1.08—1.60). Anti-H. pylori treatment kit use 
was a protective factor against peptic ulcer (OR: 0.51 95% 
CI: 0.30—0.86). Consumption of snacks with alcohol was 
a protective factor against peptic ulcer (OR: 0.32 95% CI: 
0.13—0.78) [Table 3]. 
DISCUSSION 
To our knowledge, this is the first study to document the 
prevalence of H. pylori among patients with peptic ulcer, 
stomach cancer, and individuals not diagnosed with peptic 
ulcer or stomach cancer in Pune, Maharashtra. This is also 
the largest study investigating the risk factors for H. pylori 
and peptic ulcer in Maharashtra, India. In this study, 51% 
(180/350) of the participants were infected with H. pylori. 
Fifty-five percent (123/225) of symptomatic participants 
and 45% (57/125) of asymptomatic individuals were 
diagnosed with H.pylori. This study shows that lower SES, 
consumption of restaurant food, meat, nonfiltered or 
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nonboiled water, and smoking are risk factors for H. pylori 
infection. Consumption of chili peppers and concurrent 
parasite infestation are protective against H.pylori infection. 
Consumption of meat, fish, and a positive family history 
of peptic ulcer are risk factors for peptic ulcer. History of 
anti-H. pylori treatment protects against peptic ulcer. 
We showed that individuals in the lower SES category were 
more likely to suffer from H. pylori infection compared with 
individuals who owned a car (an indicator of better SES). 
Our results highlighted the association between the source 
of drinking water and H. pylori infection. Prevalence of 
H. pylori was higher in participants consuming nonfiltered 
or nonboiled water compared with participants using 
water filters or boiling the water before consumption. Our 
findings are in line with previous research on this topic. [22] 
In our study, individuals who ate food from outside three 
times or more during the week were four times more likely 
to have H. pylori infection compared with individuals who 
almost never ate outside. Poor hygienic practices and 
the use of nonboiled water in the restaurants in the city 
may contribute to the transmission of H. pylori. Meat has 
been shown to be a risk factor for H. pylori infection. [23 ,24 ] 
Similarly, in our study, individuals consuming meat were 
twice as likely to be infected with H. pylori compared with 
participants not consuming meat. 
The odds of H. pylori infection were lower in our study 
participants who consumed chili peppers compared with 
individuals who did not consume them. In Maharashtra, 
chili peppers are common ingredients of food recipes. The 
chili peppers are added with turmeric (curcuma longa) and 
cooking oil while preparing food items from produce and 
meat. Previous studies have shown the protective role of 
turmeric, chili peppers, and some spices against H. pylori 
infection.[151 Some of these studies have been validated 
in animals and have confirmed plants as the source of 
antimicrobial agents against H. pjlori.[15] Specifically, 
capsaicin, the active ingredient in chili, has been shown 
to have a protective effect against H. pylori infection. It is 
shown that capsaicin exhibits bactericidal activity when 
incubated at pH values as low as 5.4. Ingestion of chili, 
therefore, could have a protective effect against H. pylori 
infection and associated gastroduodenal ailments. [25] 
Capsaicin has also been proposed as a potential anti-
inflammatory drug by the inhibition of the production of 
interleukin (IL)-8 in H.pylori-infected gastric epitthelium.[26] 
However, the exact mechanism behind the bactericidal 
action of chili peppers is being debated. 
It is hypothesized that concurrent enteric helminth infection 
can attenuate gastric atrophy via immune modulation.116,171 
That is, helminthiasis and other parasitic infestation can 
change the T helper (Th) cell immune response from 
a predominantly Th1 type to a Th2 type protective 
response.'27,281 In our study, 27% of the participants were 
infected with helminth and 54% with protozoa, and 47% 
had parasite infection. Individuals who suffered from 
parasite infestations were less likely to have H. pylori 
infection. Recently, Fox et al.[17] showed that mice infected 
with Helicobacter felis alone showed a Th1 response, but in 
mice coinfected with H. felis and the helminth H.polygyrus, 
there was a shift in cytokine expression consistent with a 
Th2 immune response.[161 This hypothesis, If extrapolated 
to humans, may show that intestinal helminth infection 
may provide a protective effect against gastric cancer.[16] 
In our study, H. pylori infection was seen as a significant risk 
factor for peptic ulcer disease. Meat and fish consumption 
were also noted to be risk factors for peptic ulcer. Our 
findings are in line with current research which showed that 
consumption of meat and salted fish are risk factors for 
stomach cancer.[29-32] This study reiterates the association 
between a positive family history of peptic ulcer and the 
prevalence of peptic ulcer.[33] Consumption of alcohol and 
tobacco did not emerge as risk factors for peptic ulcer in 
our study. However, consumption of snacks with alcohol 
was protective against peptic ulcer. The link between 
SES and the type and quantity of alcohol consumed can 
explain this partially. Usually, individuals with a higher 
SES consume snacks with alcohol; these individuals may 
drink in moderation and may opt for treatment for their 
ailments more frequently compared with individuals from a 
lower SES who do not consume snacks with their alcohol. 
These interlinked factors may play a role in protection of 
the gastric mucosal layer in people who drink but consume 
snacks while drinking. However, this hypothesis needs to 
be formally investigated. 
Our study has some limitations. First, we could enroll 
only 35 stomach cancer patients. We believe this is due to 
the high mortality rate and low proportion of stomach 
cancer patients seeking active treatments. From most of 
the studies from developing countries, it is noted that 
within the first 10 years of life, the prevalence of H. pylori 
increases with age.[34-37] We enrolled only adults in this 
study and hence were unable to explore the association 
between age and prevalence of H. pylori from childhood. 
Education was not associated with the prevalence of 
H. pylori in this study. However, previous studies have 
shown the association between lower education and a high 
prevalence of H.pylori.11,38 We recruited participants from 
the city of Pune but not from the nearby villages, and 
none of the participants in our study was uneducated. We 
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came across a significant amount of missing data for the 
quantification of cigarettes and alcohol consumption. We 
believe that owing to the stigma attached to smoking and 
the consumption of alcohol, individuals in this study were 
reluctant to share this information. Hence, we were unable 
to investigate the dose-response of the consumption of 
tobacco and alcohol. We also made an attempt to elucidate 
the intrafamilial transmission pathways of H. pylori by 
enquiring about H. pylori status of spouses. However, 
74% of our participants were unaware of the H. pylori 
status of their spouses. Previous research has shown the 
virulent nature of CagA-positive H. pylori.p9,40] Moreover, 
it is well documented that grades of inflammation, activity 
of gastritis, and atrophy are significantly higher in gastritis 
patients infected with the East Asian CagA-positive strain 
than in gastritis patients infected with the CagA-negative or 
western CagA-positive strains.[41,42] However, due to the lack 
of availability of biomolecular testing, we were unable to 
conduct the genotyping of H.pylori to detect the prevalence 
of CagA-positive and East Asian CagA H.pylori infection. 
CONCLUSION 
This largest study investigating the risk factors for H. pylori 
and peptic ulcer conducted in Maharashtra showed 
the association between H. pylori and peptic ulcer and 
highlighted the risk and protective factors for H. pylori 
infection. Specifically, lower SES, consumption of 
restaurant food, meat, and nonfiltered water, and smoking 
are the risk factors for H. pylori. Consumption of meat, 
fish, and a family history of peptic ulcer are risk factors for 
peptic ulcer. Consumption of chili peppers and concurrent 
parasite infestation appear to be protective against H. pylori. 
Further studies are needed to explore the protective 
mechanism of chili peppers against H.pylori infection and 
the association between helminths, parasite infestation, and 
H. pylori infection. Moreover, the role of East Asian CagA 
H. pylori infection in India should be investigated. 
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